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EXECUTIVE SUMMARY 
During the years 1996-1998 significant de-
clines in Haplosporidium nelsoni (MSX) and 
Perkinsus marinus (Dermo) prevalences were 
observed throughout the Chesapeake Bay. This 
reprieve from disease pressure was due to cli-
matic fluctuations that resulted in relatively cool 
temperatures and in high streamflows that 
yielded low salinities. In 1999, we observed a 
dramatic resurgence of both diseases as environ-
mental conditions once again promoted the pro-
liferation and spread of the pathogens. Unusu-
ally warm temperatures were observed through-
out the year. Weekly average water temperature 
recorded in the lower York River at VIMS ex-
ceeded long-term averages more than 80% of the 
time. During January and February weekly tem-
perature averages never went below 6°C and . 
were close) to 10°C most of the time. Based on 
the long-term average, one would expect to see 
winter water temperatures remain below 5.0°C 
for a period of 8 weeks: In addition to being 
warm, 1999 was extremely dry. Continuing a 
trend that began in summer 1998, estimated 
streamflow entering Chesapeake Bay in 1999 
was below average for all months except Sep-
tember and October and monthly streamflows for 
May and June were the lowest recorded during 
the 48 year monitoring period. This low 
streamflow resulted in atypically high salinities 
throughout the lower Chesapeake Bay. 
As a consequence of the relatively warm tem-
peratures and high salinities severe epizootics of 
both H. nelsoni and P. marinus occurred in most 
tributaries in VA. In the upper James River, VA 
prevalences and intensities of P. marinus were 
the highest on record. The proportion of ad-
vanced infections (moderate and heavy intensity) 
in October was 60% at Wreck Shoal and 48% at 
Horsehead Rock suggesting that significant oys-
ter mortalities occurred in these areas. 
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Record high levels of P. marinus were also 
observed in Virginia's other major tributaries. Of 
the 39 bay oyster populations surveyed in the 
fall, P. marinus was present at all bµt one (Bell 
Rock in the York River) and most sites had 
prevalences exceeding 90%. Advanced infec-
tions bf the parasite were numerous, particulctrly 
in the Rappahannock River, and oyster mortal-
ity was high. 
Unprecedented high prevalences and inten-
sities of H. nelsoni were observed in the Great 
Wicomico, Coan, Yeocomico and Rappahannock 
Rivers. In the Great Wicomico River, mid-sum-
mer MSX prevalences were as high as 64% and 
extensive oyster mortalities (> 75%) .occurred. 
Record high prevalences of H. nelsoni were also 
observed in the Rappahannock River at mid- and 
upper river oyster bars. Both Smokey Point and 
Long Rock had H. nelsoni prevalences near 60% 
and an abundance of heavy and moderate infec-
tions. Adjacent oyster populations had 
prevalences between 24 and 36%. Never has this 
level of MSX activity been documented in the 
Rappahannock River. Rarely is MSX observed 
in the mid- to upperreaches of the river and when 
it has been observed, prevalences have been less 
than 10%. Similarly, the Coan and Yeocomico 
Rivers had relatively high MSX prevalences, 40 
and 24% respectively. 
Although MSX activity is known to flµctu-
ate in wet and dry years, the unprecedented high 
prevalences of the parasite observed in the Coan, 
Yeocomico and Rappahannock Rivers cannot be 
explained by the occurrence of high salinity 
alone._ It is believed that MSX was spread into 
these areas with the transfer of oyster seed from 
di_sease endemic areas. Oyster repletion efforts 
conducted bythe VMRC in 1996-1998 involved 
the movement of seed oysters from the Great 
Wicomico and James Rivers to areas such as 
Smokey Point, Bowlers Rock and Long Rock in 
the Rappahannock River and into sites in the 
Yeocomico and Coan Rivers. 
The resurgence of oyster disease in the 
Chesapeake Bay in 1999 underscores how 
quickly the diseases can intensify in the wake of 
· favorable environmental conditions and the fact 
that disease eradication is unlikely. Given the 
serious impact that oyst~r disease has on Chesa-
peake Bay oyster populations, it must remain a 
critical factor for consideration when develop-
ing oyster restoration strategies. Especially im-
portant is the avoidance of moving infected seed 
into areas having lower disease activity. 
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. INTRODUCTION 
The protozoan parasites Haplosporidium 
nelsoni, popularly known as MSX, and Perkinsus 
marinus, popularly known as Dermo, are seri-
ous pathogens of oysters in the Chesapeake Bay. 
MSX first appeared in Chesapeake Bay in 1959 
and in the early 1960s killed millions of bushels 
of oysters on lower Bay oyster grounds. The 
continued presence of the parasite has discour-
aged use of these prime growing areas since that 
time. 
The infection period for H. nelsoni begins in 
early May each year with peak mortality in the 
lower Bay from. these early summer infections 
occurring during August and September. How-
ever, infections acquired during late summer and 
fall may overwinter if salinity remains high and 
develop as soon as water temperature increases 
in. early spring. These overwintering infections 
may cause oyster mortality as early as June. In 
. the major tributaries, normal spring runoff usu-
ally causes expulsion of overwintering H. nelsoni 
infections by May, but the pathogen may 
reinvade an area byfall if salinity is favorable 
during summer. Oyster mortality is reduc~d un-
der these circumstances because H. nelsoni is 
present mainly during winter when cold water 
temperature slows development of the parasite. 
Historically, the distribution of P. marinus in 
Virginia was limited to the lower river areas, but 
the parasite increased in abundance and spread 
throughout all public oyster beds during the late 
1980s. Until that time P. marinus was not as 
serious a pathogen as H. nelsoni because P. 
marinus spread slowly within an oyster bed and 
between adjacent beds, and required three years 
to cause significant mortality. However, with it's 
increase in abundance, P. marinus is now a niore 
important oyster pathogen than H. nelsoni . The 
· population dynamics of P. marinus are complex 
begin as early as June following warm winters 
that allow more overwintering infections. 
The distribution and pathogenicity of both 
diseases are limited by salinity and, in a very 
general sense, neither parasite causes serious 
mortality in areas where the salinity remains be-
low 12 ppt. Haplosporidium nelsoni is elimi-
nated from oysters after about 10 days below 10 
ppt; however, P. marinus may persist for years 
at low salinity although it is not pathogenic. 
Because of the detrimental effect of these 
diseases on the Virginia oyster industry, the Vir-
ginia Institute of Marine Science has been moni-
toring the prevalence of both parasites since 
1960. Information on disease severity and dis-
tribution each year is provided to management 
agencies and the oyster industry through publi-
cations and special advisories of the Marine Ad-
visory Service office. The results of disease 
monitoring for the calendar year 1999 are pre-
sented in this report . 
METHODS 
Sampling. 
The oyster disease monitoring program con-
sists of three different sample types- tray 
samples, native oyster samples and samples pro-
vided from private oyster grounds and oyster 
reefs. 
Tray Samples. 
Each. year in Arril/May "disease free" oys-
ters are collected from the upper Rappahannock 
River at Ross Rock and placed in trays located 
in the lower York River. Ross Rock oysters are 
highly· susceptible to oyster disease ~nd hence, 
serve as excellent sentinels for the assessment 
of animal variability in disease pressure. 
and not entirely understood. Most mortality oc- Prior to establishing trays, a sample of 25 
curs during late summer and early fall, but it may oysters is analyzed for H. nelsoniand P. marinus 
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to determine the level of existing infections at 
the dredge site. No H. nelsoni infections have 
ever been encountered at Ross Rock during April, 
but in some years P. marinus has been present at 
low prevalence ( <10% ). At least 300 oysters are 
placed in each of two York River trays on about 
1 May each year. Samples of 25 oysters are col-
lected and examined for disease and counts of 
live and dead oysters are made monthly from 
May to October. 
Monthly mortality rates are determined by 
dividing the number of dead oysters by the num-
ber of live and dead oysters in the tray. This 
result is divided by the period in days since the 
last count to yield percent dead per day. This 
value is then multiplied by 30 to yield monthly 
mortality. Cumulative mortality in each tray is 
calculated using a formula that accounts for live 
oysters removed for disease diagnosis. 
New trays are established each May to pro-
vide a record of disease prevalence and intensity 
for each year. Because sentinel oysters have been 
held at the same locatidn each year since 1960 
we have a long-term database on H. nelsoni abun-
dance and it is possible to compare years and to 
relate disease abundance and distribution to vari-
ous environmental parameters. 
Native Oyster Samples. 
In order to determine the annual distribution 
and severity of both H. nelsoni and P. marinus; 
samples of native oysters are collected periodi-
cally from most major public harvesting areas in 
Virginia. Samples of 25 oysters are collected 
from sites in Mobjack Bay, the Rappahannock 
River, the Great Wicomico River and from other 
tributaries of the western shore and the seaside 
of the Eastern Shore. In 1999, extensive sur-
veys were conducted in summer and fall. Sta-
tion locations are shown in Appendix. 
25 oysters are collected from Wreck Shoal, Point 
of Shoals, Horsehead Rock and Deep Water 
Shoal. 
Private Oyster Grounds and Oyster Reefs. 
Private oyster planters submit samples for dis-
ease diagnosis. In this report these samples are 
identified by location only and cannot be sepa-
rated from native oyster samples. 
In the last several years VMRC along with 
other entities have been pursuing oyster reef res-
toration as a resource management strategy. Pe-
riodically, samples of oysters from the reefs have 
been submitted for disease analysis. These 
samples are identified as reef samples in the re-
sults of this report. 
Diagnostic Techniques. 
Prevalence of H. nelsoni was determined by 
histological analysis of paraffin-embedded tis-
sue sectioned at 6 µm and stained with hema-
toxylin and eosin; prevalence of P. marinus was 
determined by thioglycollate culture of mantle, 
gill and rectal tissue. 
Environmental Parameters. 
Water temperature for the determination of 
long-term averages and yearly anomalies was 
obtained from a continuous monitor at the VIMS 
pier in the lower York River. Water tempera-
tures were also recorded at the various collec-
tion sites on each sample date. s·alinity data for 
the James River was obtained from a variety of 
sources. The State Water Control Board takes 
biweekly samples at Wreck Shoal and at Deep 
Water Shoal from May through October and 
monthly samples from November through April. 
The VIMS shellstring survey obtains weekly data 
at these locations from May through October and 
the VIMS oyster disease monitoring program 
obtains monthly samples throughout the year. 
Riverflow data for the James River and for the 
Since 1987 the upper James River has been entire Chesapeake Bay are obtained from the U. 
intensively monitored. Each month samples of S. Geological Survey. 
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RESULTS 
Environmental Parameters. 
Much like 1998, 1999 was unusually warm 
and weekly average water temperatures at our 
York River monitoring site were above the long-
term averages ( 194 7-1998) about 80% of the time 
(Figure 1 and 2). The winter was especially 
warm; weekly average water temperatures were 
2 to 6°C above long-term averages and neared 
10°C for most of January and February. Typi-
cally temperatures during this time are less than 
5°C. Early spring and mid-summer temperatures 
were generally l-3°C above average. During the 
summer weekly average water temperatures ex-
ceeded 28°C for a period of 5 weeks; normally 
weekly.average water temperature does not ex-
ceed 27°C. September was relatively cool, more 
typical temperatures were observed through mid-
fall and above average . temperatures were ob-
served in December. 
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Figure 1. Average weekly water temperature at 
VIMS, Gloucester Point, VA (top) and monthly 
James River, V Astreamflow (bottom). Long-term 
averages (dotted lines) are contrasted with 1999 
values (solid lines). For streamflow long-term 
minimums and maximums are also shown. Long-
term temperatures are for years 1947-19~8 and long-
term streamflows are for 1951.:1998. 
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Figure 2. Weekly water temperature anomaly at the · 
VIMS pier, Gloucester Point, VA based on average 
weekly water temperature from 1947-1998 (top) and 
monthly James River sfreamflow anomaly based on 
average discharge from 1951-1998 (bottom) for the 
calendar year 1999. Anomalies were c.alculated by 
subtracting the long term average from the value 
observed in 1999. Positive values represent above 
average measures (warmer/wetter conditions) and 
negative values represent below average measures 
(colder/drier conditions). 
In addition to being a very warm year, 1999 
was also very dry and this was reflected in low 
streamflows throughout the Chesapeake Bay. In 
fact, streamflow entering the Bay for the months 
of May and June were the lowest recorded by 
the USGS during their 48 years of monitoring. 
In the James River, streamflow was consistently 
below average from June 1998 through August . 
1999 (Figure 3). Above average streamflows 
were recorded in September and October as a 
result of heavy rains associated with Hurricane 
Floyd, which passed through the area on 16 Sep-
tember; however, below average streamflows 
were once again recorded in November and De-
cember (Figure 1, 2). On average, 1999 James 
River streamflows were the lowest recorded since 
1988 (Figure 3). The low streamflow in the 
James River resulted in the occurrence of un-
usually high salinities in· the upper portions of 
the tributary. 
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Figure 3. Mean weekly VIMS pier water temperature 
anomaly from long-term (1947-1998) average (top). 
Mean monthly James River streamflow anomaly from 
long-term (1951-1998) average (bottom). 
James River Monthly Oyster Disease Moni-
toring. 
Perkinsus marinus (Dermo). Perkinsus 
marinus prevalences and intensities in the upper 
James River in 1999 were the highest or among 
the highest observed during our 11 year period 
of monthly monitoring (1987-1999). Asummary 
of James River oyster disease monitoring results 
. is presented in Table 1. Although prevalences at 
all four of our James River monitoring stations 
declined to < 10% during the winter and spring, 
· midsummer environmental conditions promoted 
proliferation of the parasite and as a consequence 
prevalences greater than 90% were observed at 
all four sites during the summer and fall (Figure 
4). 
At Deepwater Shoal, the oyster bar located 
farthest upriver, record high summer and fall 
prevalences and infection intensities were ob-
served. These high prevalences followed three 
years of low P. marinus activity (Figure 5). At 
the end of the year in 1998 prevalence at the site 
was only 4%. Prevalence continued to decline 
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Figure 4. Prevalence of P. marinus (top) and H. 
nelsoni (MSX) (bottom) in James River oysters 
from Wreck Shoal (WS), Horsehead Rock (HH) 
Point of Shoals (PTS) and Deepwater Shoal ' 
(DWS) in 1999. DWS and PTS oysters were not 
analyzed for MSX. 
and in January 1999 no infections were detected. 
Perkinsus marinus prevalence at Deepwater 
Shoal remained at 0% through April. Salinity at 
Deepwater Shoal during this time ranged from 3 
ppt to 10 ppt (Figure 5). During the late spring 
and early summer prevalence gradually increased 
from 0% to 28%. The increase in prevalence 
during this time was not much higher than in 
other years; however, as dry conditions during 
summer yielded salinities from 10-15 ppt, a sharp 
increase in prevalence was observed. A record 
high prevalence (96%) and weighted prevalence 
(average infection intensity) was observed for 
September. Four of the 25 oysters sampled in 
September had advanced infections (moderate or 
heavy intensity); this is quite unusual for this 
location (Table 1). On September 16 Hurricane 
Floyd struck the lower Chesapeake Bay area and 
heavy rains yielded significant declines in salin-
ity throughout the watershed. Within about one 
week after the hurricane passed through salinity 
Table 1. Monthly survey of prevalence and intensity of Haplosporidium nelsoni (MSX) and Perkinsus 
marinus (Dermo) in oysters from James River harvesting areas in 1999. NA=not analyzed for MSX. 
Infection intensity was ranked as heavy (H), moderate (M), and light (L). 
Temp. Sal. MSX Infection Perkinsus Infection Location Date Infect/exam. Intensity Infect./exam. Intensity (OC) (ppt) %infected H-M-L %infected H-M-L 
Deep Water Shoal 13 Jan 6.5 10.0 NA· 0/25 (0%) 0-0-0 
17 Feb 10.5 7.0 NA 0/25 (0%) 0-0-0 
17 Mar 10.0 6.0 NA 0/25 (0%) 0-0-0 
14 Apr 16.0 6.0 NA 0/25 (0%) 0-0-0 
18 May 22.0 6.0 NA l/25 (4%) 0-0-1 
14 Jun 26.5 10.0 NA 4/25 (16%) 0-0-4 
15 Jul 26.0 10.0 NA 2/25 (8%) 0-0-2 
17 Aug 30 10.0 NA 7/25 (28%) 0-0-7 
13 Sep 11.0 NA 24/25 (96%) 2-1-22 
19 Oct 19.8 5.0 NA 18/25 (72%) 3-1-14 
18 Nov 13.0 4.0 NA 24/25 (96%) 0-2-22 
20 Dec 10.0 8.0 NA 22/24 (92%) 0-2-20 
Horsehead Rock 13 Jan 6.5 10.0 0/25 (0%) 0-0-0 2/25 (8%) 0-0-2 
17 Feb 10.0 10.0 0/25 (0%) 0-0-0 2/25 (8%) 0-0-2 
17 Mar 10.0 8.0 0/25 (0%) 0-0-0 0/25 (0%) b-0-0 
14 Apr .15.5 9.5 0/25 (0%) 0-0-0 l/25 (4%) 0-0-1 
18 May 21.0 7.0 0/25 (0%) 0-0-0 l/25 (4%) 0-0-1 
14 Jun 25.5 i2.o 0/25 (0%) 0-0-0 l/25 (4%) 0-0-1 
15 Jul 26.0 10.0 0/25 (0%) 0-0-0 17/25 (68%) 0-0-17 
17 Aug 30.0 12.0 0/25 (0%) 0-0-0 24/25 (96%) 2-1-21 
13 Sep 14.0 5/25 (20%) 0-0-5 25/25 (100%) 6-6-13 
19 Oct 19.8 6.0 0/25 (0%) 0-0-0 25/25 (100%) 7-4°14 
18 Nov 12.0 6.0 0/25 (0%) 0-0-0 23/25 (92%) 3-3-17 
20 Dec 10.0 14.0 0/25 (0%) 0-0-0 22/25 (88%) 7-2-13 
Point of Shoals 13 Jan 6.5 14.0 NA 4/25 (16%) 0-0-4 
17 Feb 10.0 10.0 NA 0/25. (0%) 0-0-0 
17 Mar 11.0 9.0 NA 0/25 (0%) 0-0-0 
14 Apr 15.5 14.0 NA 0/25 (0%) 0-0-0 
18 May 21.0 7.0 NA 1/25 (4%) 0-0-1 
14 Jun 25.0 12.0 NA 6/25 (24%) 0-0-6 
15 Jul 25.5 12.0 NA 15/25 (60%) 0-2-13 
17 Aug 29.5 14.0 NA 21/25 (84%) 5-5-11 
13 Sep 14.0 NA 25/25 (100%) 6-5-14 
19 Oct 19.0 6.0 NA 25/25 (100%) 7-7-11 
18 Nov 12.0 8.0 NA 25/25 ( 100%) 3-4-14 
20Dec 11.0 10.0 NA 23/25 (92%) 5~3-15 
Wreck Shoal 13 Jan 6.0 15.0 2/25 (8%) 1-0-1 19/25 (76%) 0-3-16 
17 Feb 10.0 14.0 7i25 (28%) 1-0-6 6/25 (24.%) 0-0-6 
17 Mar 9.5 14.0 2/25 (8%) 1-0-1. 5/25 (20%) 2-0-3 
14 Apr 15.0 15.0 6/25 (24%) 2-0-4 4/25 (16%) 0-0-4 
18 May 21.0 12.0 7/25 (28%) Osl-6 2/25 (8%) 0-0-2 
14 Jun 24.5 16.0 0/25 (0%) 0~0-0 11/25 (44%) 0-0-11 
15 Jul 25.0 18.0 4/25 (16%) 0-1-3 24/25 (96%) 3-1-20 
17 Aug 28.8 18.0 1/25 (4%) 0-0-1 25/25 (100%) 7-4-14 
13 Sep 18.0 2/25 (8%) 0-0-2 25/25 (100%) 11-1-13 
19 Oct 19.5 15.0 0/25 (0%) 0-0-0 . 25125 ( 100%) 10-5-10 
18 Nov 11.5 14.0 .0125 (0%) . 0-0-0 25/25 ( 100%) 4-9-12 
20 Dec. 10.0 17.0 l/25 (4%) 0-0-1 23/25 (92%) 7-3-13 
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.figure 5. Salinity (top) and P. marinus prevalence 
(bottom) at Deepwater Shoal, James River, VA for 
the years 1995-1999. 
at Deepwater Shoal was recorded at 3 ppt. Preva-
lence of P. marinus decreased to 72% in Octo-
ber; however, advanced infections were still 
present. The impact of the hurricane on P. 
marinus was relatively short term as prevalence 
exceeded 90% in November and December. 
At Horsehead Rock and Point of Shoals P. 
marinus prevalence and intensity declined over 
the winter and spring months following the typi-
cal annual pattern (Figure 4). Prevalences de-
clined to 0-4% despite the fact that above aver-
age salinities, which ranged from 7 to 14 ppt, 
had been recorded at the sites since the summer 
of 1998 (Figure 6 and 7). During the summer of 
1999 salinity ranged from 10.5-16 ppt and record 
high prevalences and intensities were observed. 
At Horsehead Rock prevalence increased to 68 % 
by July, this increase was atypically high for this 
time of the year. Prevalences exceeding 90% 
were observed from August through November. 
The high prevalences were accompanied by 
record high intensities. Both September and 
October samples had an extremely high propor-
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Figure 6. Salinity (top) and prevalence of P. marinus 
(bottom) and H. nelsoni (middle) at Horsehead Rock, 
James River, VA for the years 1995-1999. 
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Figure 7. Salinity (top) and prevalence of P. marinus 
(bottom) at Point of Shoals, James River, VA for the 
years 1995-1999. 
tion of advanced infections, 48 ancl 44%,respec-: 
tively and advanced infections remained numer-
ous (>24%) through December (Table 1). De-
spite a decrease in salinity from 14 pptto 5 ppt 
following Hurricane Floyd, P. marinus preva-
. lence remained high at this location. A very simi-
lar pattern was observed at Point of Shoals. 
Farther downriver at Wreck Shoal, winter and 
spring salinity ranged from about 12 to 19 ppt 
(Figure 8). Prevalence gradually decreased from 
76% in January to an annual minimum of 8% in 
May. This annual minimum was relatively low 
compared to other years since 1989. Prevalence 
sharply increased to 96% in July as temperatures 
warmed and favorable salinities persisted (14-
21 ppt). During August through November 
prevalence was 100% and advanced infections 
were numerous (Table 1). Hurricane Floyd ap-
peared to have little impact on the disease in this 
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Figure 8. Salinity (top) and prevalence of P. marinus 
(bottom) and H. nelsoni (middle) at Wreck Shoal, 
James River, VA for the years 1995-1999. 
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area. Five days after the hurricane salinity at the 
site was 16 ppt. Salinity ranged between 10 and. 
20 ppt during the months October through De- . 
cember. 
The severity of the P. marinus epizootic in 
the James River in 1999 ranks as the worst in the 
last decade. Figure 9 and 10, respectively show 
the average prevalence and intensity (weighted 
prevalence) of P. marinus during for the months 
July through December and the years 1990-1999 
at Deepwater Shoal, Horsehead Rock, and Wreck 
Shoal. At all three locations, the average 
prevalences and intensities for the summer/fall 
of 1999 are higher than all other years. Given 
. the high prevalence of advanced infections it is 
likely that P. marinus incurred significant oyster 
mortalities of small and market size oysters at 
these locations. 
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Figure 9. Annual comparison for years 1990-
1999 of average summer/fall prevalence P. 
marinus in the upper James River at Deepwater 
Shoal (DWS), Horsehead Rock (HH), and 
Wreck Shoal (WS). 
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Figure 10. Annual comparison for years 1990-1999 
of average summer/fall weighted prevalence of P. 
marinus in the upper James River at Deepwater 
Shoal (DWS), Horsehead Rock (HH), and Wreck 
Shoal (WS). 
Haplosporidium nelsoni (MSX). Despite the 
fact that salinity remained relatively high at 
Wreck Shoal for nearly the entire year, H. nelsoni 
prevalences were low (Figure 4 ahd 8). Preva-
lence fluctuated between 8 and 28% during the 
winter and spring and then decreased to 0% dur-
ing June through August. The parasite reap-
peared in September at 8% prevalence. Follow-
ing Hurricane Floyd prevalence of the parasite 
was 0% again until December when it was de:.. 
tected at a prevalence of 4%. At Horsehead Rock 
20% prevalence of H. nelsoni was found in Sep-
tember (Figure 4 and 5). All infections were 
ranked as light or rare intensity (Table 1). This 
was the only time in 1999 that MSX was detected 
at the site and the first time it was observed 
since1995. 'Typically when H. nelsoni has been 
observed in this area it has been present at low 
prevalence (<12%). 
Summer and Fall Oyster Disease Survey. 
Perkinsus marinus. In addition to our 
monthly survey of oyster disease in the upper 
James River, broader surveys encompassing 
other sites were conducted in the summer (Table 
2) and fall (Table 3 and 4, Figure 11)., Sixteen 
sites were sampled in the summer and 32 sites 
were sampled in the fall. The collecti_on sites 
included .. areas in the James, York, 
Rappahannock, Great Wicomico, Coan, 
Corrotoman, Yeocomico, Piankatank, Elizabeth, 
and Potomac Rivers and Mobjack Bay and East-
ern Shore sites in Pocomoke Sound, Onancock 
and Pungoteague Creeks, and Chincoteague and 
Kegotank Bay. 
Perkinsus rnarinus was present at all sites 
sampled in summer and fall with the exception 
of Bell Rock, which is located in the upper York 
River (Table 2 and 3, Figure 11). As would be 
expected summer preyalences were generally 
lower than fall prevalences; however, several 
sites, particularly those located in the lower por-
tions of the Piankatank, Rappahannock, and 
Great Wicomico Rivers had prevalences exceed-
. ing 85% during the summer and in several loca-
tions oysters were already exhibiting moderate 
and heavy infections. In the fall, record high 
prevalences and intensities were observed in 
.many areas. 
In the Piankatank River P. rnarinus preva-
lence escalated to 100% by August with 40% of 
the oysters having advanced infections (Table 2). 
The high· prevalence and intensity was main-
tained through the fall (Table 3 and Figure 11). 
Prevalence was also 100% at Deep Rock; how-
ever, all infections were light in intensity. Ginney 
Point had a prevalence of 76% with 12% ad-
vanced infections. Although P. rnarinus disease 
pressure in the Piankatank River was higher than 
last year, similar prevalences and intensities have 
been observed in prior years. 
In the Great Wicomico River P. rnarinus 
prevalence in the fall was 88% at Fleet Point and 
100% at Haynies Bar and Whaley's East (Table 
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Table 2'. Summer survey qf prevalence and intensity of Haplosporidium nelsoni (MSX) and 
Perkinsus marinus (Dermo) in oysters from Virginia oyster beds in 1999. NA=not analyzed for 
MSX. Infection intensity was ranked as heavy (H), moderate (M), and light (L). 
MSX Infection Perkinsus Infection 
Location Date Infect.I exam. intensity Infect/exam. % intensit 
%infected H-M-L infected H-M-L 
Piankatank River 
Burton's Point 5Aug 3/25 (12%) O-l-2 25/25 (100%) 1-9-15 
Palace Bar 5Aug 1/25 (4%) 0-0-1 25/25 ( 100%) 0-2-23 
Rappahannock River 
Bowlers Rock 2Aug 0/25 (0%) 0-0-0 16/25 (64%) 2-5-9 
Smokey Point 2Aug 14/25 (56%) 5~o-9 16/25 (64%) 1-2-13 
Drumming Ground 2Aug 6/24 (24%) 0-0-6 23/24 (96%) 3-8-12 
Broad Creek 1 Jun 6/25 (24%) 0-0-6 15/25 (60%) 0-0-15 
Broad Creek 2Aug 5/25 (20%) 0-2-3 25/25 (100%) 3-3-19 
Broad Creek 8 Sep 1/25 (4%) 1-0-0 25/25 ( 100%) 6-5-14 
Steamer Rock Reef 8 Sep 2/25 (8%) 0-0-2 25/25 (100%) 8-4~13 
Great Wicomico River 
Barretts Creek lOJun 8/25 (32%) 4-1-3 7/25 (28%) 0-2-5 
Tipers Creek 10 Jun 10/25 (40%) 3-2-5 7/25 (28%) 0-0-7 
Cranes Creek 10 Jun 12/25 (48%) 7-2-3 12/25 (48%) 1-0-11 
Barretts Creek 8 Jul 6/'/,6 (23%) 0-1-5 21/25 (84%) 1-4,.16 
Tipers Creek 8 Jul 10/25 (40%) 4-2-4 15/25 (60%) 1-4-10 
Fleet Point 29 Jul 16/24 (64%) 3-7-6 22/25 (88%) 0-5-17 
Rouge Point 29 Jul 13/25 (52%) 3-1-9 23/25 (92%) 5-7-11 
Shell Bar Reef 29 Jul 12/24 (50%) 2~1-9 18/25 (72%) 1-0-17 
Reef 29 Jul 9/25 (36%) 3-2-4 19/25 (76%) 3-2-14 
/ 
Cranes Ck Reef 98 Tangier 29 Jul 1/24 (4%) 0-0-1 24/25 (96%) 4-6-14 transplant · 
Potomac River 
N omini Creek 29 Jul 0/25 (0%) 0-0-0 10/25 (40%) 1-1-8 
Clarks Bar 29 Jul 1/25 (4%) 0-0-1 6/25 (24%) 0-0-6 
Yeocomico River 
Barms Point 27 July 4/24 (16%) 2-1-1 11/25 (44%) 0-0-11 
Mobjack Bay 
Pultz Bar 19 Aug· 2/25 (8%) 0-0-2 7/25 (28%) 0-0-7 
Elizabeth River 
Western Branch 12 Aug 4/25 (16%) 0-1-3 12/25 (48%) 2-3-7 
Eastern Shore (Seaside) 
South Bay Reef 9Aug 0/25 (0%) 0-0-0 25/25 (100%) 4-3-18 
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Table 3. Fall survey of prevalence and intensity of Haplosporidium nelsoni (MSX) and Perkinsus marinus 
(Dermo) in oysters from Virginia;s western shore oyster beds in 1999. NA=not analyzed for MSX. Infection 
intensity was ranked as heavy (H), moderate (M), and light (L). 
Temp. Sal. MSX Infection Perkinsus Infection Location Date Infect.I exam. intensity Infect./exam. intensity (OC) (ppt) %infected H-M-L %infected H-M-L 
James River 
Deep Water Shoal 19 Oct 19.8 5.0 NA 18/25 (72%) 3-1-14 
Horsehead Rock 19 Oct 19.8 6.0 0/25 (0%) 0-0-0 25/25 (100%) 7-4-14 
Point of Shoals 19 Oct 19.0 6.0 NA 25/25 (100%) 7-7-11 
Long Shoal 29 Oct 18.0 9.0 0/25 (0%) 0-0-0 25/25 (100%) 3-5-17 
Dry Shoal 29 Oct 17.9 11.0 2/25 (8%) 0-0-2 24/25 (96%) 5-2-17 
Wreck Shoal 19 Oct 19.5 15.0 0/25 (0%) 0-0-0 25/25 (100%) 10-5-10 
Thomas Rock 28 Oct 17.0 16.0 2/20 (10%) 0-0-2 19/20 (95%) 2-1-16 
Nansemond Ridge 28 Oct 16.5 16.0 4/24 (17%) 0-0-4 8/24 (33%) 2-1-5 
York River 
Aberdeen Rock 22 Oct 19.0 18.0 0/16 (0%) 0-0-0 15/17 (88%) 4-0-11 
Bell Rock 22 Oct 19.0 15.0 1/25 (4%) 0-0-1 0/25 (0%) 0-0-0 
Goodwin Is Reef 11 Nov 16.0 20.0 6/24 (25%) 1-1-4 5/25 (20%) 0-0-5 
MobjackBay 
Tow stake 25 Oct 16.0 21.0 3/25 (12%) 0-0-3 24/25 (96%) 5-0-19 
Pultz Bar 25 Oct 16.0 21.0 1/25 (4%) 0-0-1 21/25 (84%) 1-3-17 
Piankatank River 
Ginney Point 21 Oct 19.0 15.0 5/25 (20%) 2-0-3 19/25 (76%) 2-1-16 
Burton Point 25 Oct 18.0 18.0 3/25 (12%) 0-0-3 25/25 (100%) 5-5-15 
Deep Rock 20 Oct 22.0 5/24 (21 %) 1-0-4 24/24 (100%) 0-0-24 
Capetoon Reef 1 Oct 0/24 (0%) 0-0-0 23/25 (92%) 5-5-13 
Rappahannock River 
Ross Rock 19 Oct 7.0 0/25 (0%) 0-0-0 1/25 (4%) 0-0-1 
Bowlers Rock 19 Oct 10.0 9/25 (36%) 3-1-5 25/25 (100%) 10-3-12 
Long Rock 19 Oct 10.0 14/25 (56%) 6-0-8 24/25 (96%) 5-6-13 
Marratico Bar 19 Oct 12.0 8/23 (35%) 2-1-5 23/23 (100%) 3-1-19 
Smokey Point 19 Oct 14.0 6/25 (24%) 1-0-5 25/'1.5 (100%) 5-2-18 
Hog House 19 Oct 15.0 9/25 (36%) 2-3-4 5/25 (20%) 0-0-5 
Drumming Ground 19 Oct 17.0 3/25 (12%) 1-0-2 25/25 (100%) 10-4-11 
Parrot Rock 19 Oct 16.0 3/21 (14%) 1-0-2 21/21 (100%) 7-4-10 
. Broad Creek 19 Oct 20.0 2/25 (8%) 0-0-2 24/25 (96%) 10-2-12 
Corrotoman River 
Middle Ground 19 Oct 17.0 8/25 (32%) 1-2-5 25/25 (100%) 8-3-14 
Great Wicomico River 
Haynies Bar 20 Oct 19.0 18.0 6/25 (24%) 1-2-3 25/25 (100%) 3-3-19 
Whaley's East 20 Oct 19.0 17.0 5/25 (20%) 2-0-3 25/25 (100%) 0-4-21 
Fleet Point 20 Oct 9/25 (36%) 1-1-7 22/25 (88%) 1-1-20 
Coan River 
Big Bar 6 Oct 17.0 10/25 (40%) 5-0-5 25/25 (100%) 5-7-13 
Reef 6 Oct 15.0 . 0/25 (0%) 0-0-0 25/25 (100%) 8-2-15 
Yeocomico Ri~er 
Barns Point 6 Oct 18.0 .6/25 (24%) 0-3-3 25/25 (100%) 5-2-18 
Reef 6 Oct 16.0 0/25 (0%) 0-0-0 23/25 (92%). 1-3-19 
Elizabeth River (Reef) 27 Sep 0/25 (0%) Os0-0 17/25 (68%) 2-3-12 
Lynhaven River (reef) 5 Oct 4/25 (16%) 2-0-2 18/25 (72%) 4-3-11 
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Table 4. Fall survey of prevalence and intensity of Haplosporidium nelsoni (MSX) and 
Perkinsus marinus (Dermo) in oysters from Eastern Shore Virginia in 1999. NA=not analyzed 
for MSX. Infection intensity was ranked as heavy (H), moderate (M), and light (L). 
Location Date 
Pocomoke Sound, Thoroughfare 
Onancock Creek 
21 Sep 
23 Sep 
Pungoteague Creek 
Chincoteague Bay 
Kegotank Bay 
15 Oct 
Cockle Creek 6 Oct 
New Inlet 9 Oct 
9 Oct 
Sal. 
(ppt) 
21.0 
20.0 
3 and Figure 11 ). While similar prevalences have 
been recorded at Fleet Point and Whaley's, this 
marks a record high prevalence at Haynies Bar. 
Typically prevalences at Haynies Bar range from 
20-92%. Infection intensity was also relatively 
high at Haynies Bar, as 24% of the oysters 
sampled had advanced infections. It is likely that 
P. marinus was responsible for oyster mortality 
at this site. 
Prevalences of P. marinus in the 
Rappahannock River were extremely high dur-
ing the fall of 1999 (Table 3 and Figure 11). The 
· parasite was· present on all of the nine oyster bars 
sampled, including Ross Rock the uppermost 
bar. Prevalences from 96-100% were observed 
from Bowlers Rock to the mouth of the river, 
with the exception of Hog House Bar, which had 
only 20% prevalence. Record high intensities 
were found at Bowlers Rock, Long Rock, Drum-
ming Ground, Parrot Rock, and Broad Creek. 
The proportion of oysters having advanced in-
fections in these areas ranged from 40-56% and 
it is very likely that the parasite was responsible 
for significant oyster mortality in these areas. 
MSX 
Infect.I exam. 
%infected 
3/25 (12%) 
1/25 (4%) 
5/26 (19%) 
1/25 (4%) 
0/25 (0%) 
0/25 (0%) 
Infection 
intensity 
H-M-L 
0-0-3 
0-0-1 
0-1-4 
1-0-0 
0-0-0 
0-0-0 
Perkinsus 
Infect.I exam. 
%infected 
25/25 (100%) 
24/25 (96%) 
21/25 (84%) 
22/25 (88%) 
25/25 (100%) 
1/25 (4%) 
Infection 
intensity 
H-M-L 
4-8-13 
7-3-14 
2-4-15 
4-2-16 
5-6-14 
0-0-1 
with more than 40% of the oysters sampled hav-
ing advanced infections. Prevalences greater 
than 80% were observed in Mobjack Bay, the 
lower York River, Pungoteague and Onancock 
Creeks and in Chincoteague Bay (Table 3 and 4, 
Figure 11). 
Haplosporidium nelsoni. The activity of H. 
nelsoni was extremely high in the summer and 
fall of.1999 and the parasite was widely distrib-
uted throughout the tributaries of the lower Bay 
(Table 2 and 3, Figure 12). Severe H. nelsoni 
epizootics occurred in both the Great Wicomico 
and Rappahannock Rivers. The parasite was ob-
served in the Great Wicomico River in June fol-
lowing the report of oyster mortalities by a local 
waterman. Samples coll~cted from Barretts, 
Tipers, and Cranes Creeks in early June showed 
prevalences ranging from 32-48% and an abun-
dance of advanced infections (25-36% ). Subse-
quent sampling in July revealed even higher 
prevalences in other locations in the lower river. ' 
The highest prevalence ( 67 % ) was .observed at 
Fleet Point. Forty percent of the Fleet Point oys-
ters had advanced infections. These infections 
were probably lethal. · Somewhat lower 
Other areas that were particularly hard hit by prevalences- 24%, 20% and 36% were ob-
Dermo disease include Big bar in the Coan and served in the fall at Haynies Bar, Whaley's, and 
Barn Point in the Yeocomico River (Table 3 and Fleet Point, respectively. Typically H. nelsoni 
Figure 11). Both locations had 100% prevalence prevalence is 0-8% in these areas. However, 
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Figure 11. Distribution of Perkinsus marinus in Virginia in. the fall of 1999. 
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Figure 12. Distribution of Haplosporidium nelsoni in Virginia in the fall of 1999. 
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higher prevalences have been reported at Fleet 
Point; 64% in 1987, 33% in 1992, and 28% in 
1995. 
In the Rappahannock River exceptionally 
high prevalences of H. nelsoni were observed at 
upper and mid-river locations. Bowlers Rock, 
Long Rock, Morratico Bar, Smokey Point, and 
Hog House had record high prevalences that 
ranged from 24-56% (Table 2 and 3, Figure 12). 
Prevalence at Smokey Point was 56% in July. 
The highest fall prevalences occurred at Bowlers 
Rock (36%) and Long Rock (56% ). These two 
bars are among the farthest up river bars. Salin-
ity in October was 10 ppt at these two sites; how-
ever, summer salinities, prior to Hurricane Floyd 
were probably higher. Advanced infections were 
present at all of th~ upriver locations and it is 
likely that the pathogen caused mortality in these 
areas. The_ lower river locations, Drumming 
Ground, Parrot Rock and Broad Creek, had rela-
tively low H. nelsoni prevalences ranging from 
20-24% in summer and 8-12% in the fall. These 
levels were consistent with previous years, which 
range from 0-28%. 
In addition to the Rappahannock and Great 
Wicomico Rivers, H. nelsoni was widely distrib-
uted throughout the lower Bay including areas 
in the York, Pia:nkatank, Corrotoman, Coan, and 
Yeocomico Rivers and Mobjack Bay (Table 2 
and 3, Figure 12). Surprisingly high H. nelsoni 
prevalences were observed in the Coan, 
Corrotoman and Yeocomico Rivers, 40%, 32%, 
and 24%, respectively. The parasite was also 
found in the Eastern Shore bayside creeks of 
Pungateague and Onancock, in Pocomoke Sound · 
and in Chincoteague and Kegotank Bays (Table 
4). 
VIMS Tray Samples. 
A tray of Ross Rock, Rappahannock River 
oysters was established in the lower York River 
at the VIMS on 4 May 1999. Analyses of a 
sample of the Ross Rock oysters prior to trans-
plantation indicated that were free of detectable 
H. nelsoni infections; however, P. marinus preva-
lence was 12%. The number of live and dead 
oysters in each tray was assessed monthly from 
June to September; the resulting determinations 
of percent monthly and percent cumulative mor-
talities are shown in Table 5. Cumulative mor-
tality was 77% by 6 August. In September cu-
mulative mortality increased to 92%. Samples 
for disease diagnoses were also taken monthly. 
Haplosporidium nelsoni was not detected in oys-
ters sampled on 4 June; however, by 8 July preva-
lence was 60%. Sixty percent prevalence is rela-
tively high for July. Twelve percent of the oys-
ters sampled in July had heavy intensity infec-
tions. Prevalence was 76% in August and 68% 
in September and in both months a high propor-
tion of advanced infections were observed. The 
maximum prevalence observed was lower than 
last year· which had the highest prevalence on 
record but was still relatively high and consis-
tent with that observed-during the previous four 
years (Figure 13). 
Perkinsus marinus was present in the . 
Rappahannock River oysters at 12% prevalence 
at the time of deployment; however, no infec-
tions were observed in June and July. Preva-
lence was 28% in August and 96% in Septem-
ber._ Although August is relatively late for the 
onset of P. marinus, the proliferation of the para-
site between August and September was rapid. 
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Figure 13. Maximum annual prevalence of H. nelsoni 
(MSX) in imported monitoring tray oysters at VIMS 
1960-1999. 
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Table 5. Mean mortality and disease prevalence in upper Rappahannock River oysters transplanted to 
trays at the lower York River, Gloucester Point, VA in April, 1999. Infection intensity was ranked as 
heavy (H), moderate (M), and light (L). 
Date-1999 Monthly Cumulative H. nelsoni Intensity P. marinus Intensity 
mortalitv-% mortalitv-% prevalence H-M-L* prevalence H-M-L* 
4May 0 0 0/25 (0%) 0-0-0 3/25 (12%) 0-0-3 
4 June 0.4 0.4 0/24 (0%) 0-0-0 0/24 (0%) 0-0-0 
8 July 1.3 1.9 15/25 (60%) 3-0-12 0/25 (0%) 0-0-0 
6 Aug 80.4 76.9 19/25 (76%) 3-6-10 7/25 (28%) 0-0-7 
9 Sep 13.5 91.8 17/24 (68%) 10-1-6 24/25 (96%) 6-2-16 
Mortality of the sentinel oysters during the 
course of the summer was severe, with a total of 
91 % of the oysters dying by 9 September. About 
75% of the mortality occurred between early July 
and early August.· This mortality can be attrib-
ut~ble to MSX, as P. marinus infections were low 
in prevalence and intensity at that time. Mortal-
ity occurring between August and September was 
likely associated with both pathogens. 
DISCUSSION 
During the years 1996-1998 significant de-
clines in Haplosporidium nelsoni (MSX) and · 
Perkinsus marimis (Dermo) prevalences were 
observed throughout the Chesapeake Bay. This 
reprieve from disease pressure was due to cli-
matic fluctuations that resulted in relatively cool 
temperatures and in high streamflows that 
yeilded low salinities. In 1999,a dramatic re-
surgence of both diseases was observed as envi-
ronmental conditions once again promoted the 
proliferation and spread of the pathogens. Un-
usually warm temperatures were observed 
throughout the year and the year was extremely 
dry. The annual average streamflow for the 
James Riverin 1999, was the lowest observed.in 
the last decade and nearly equivalent to the low 
streamflows experienced in the inid and late 
1980s, which resulted in the spread of P. marinus 
to all oyster beds in Virginia. The important role 
of environmental factors, namely temperature 
and salinity, in regulating the abundance of P. 
marinus .and H. nelsoni has once again become 
very apparent. As a consequence of the relatively 
warm temperatures and high salinities in 1999 
both parasites were widely distributed through-
out the tributaries of the lower Chesapeake Bay 
and epizootic oyster mortalities were extensive. 
In the upper James River prevalences and 
intensities of P. marinus in 1999 were the high-
est on record. This is in sharp contrast to the 
declines in oyster disease that were observed in 
the uppermost James River during 1996-1998. 
The annual summer intensification of the para-
site was initiated earlier than usual and annual 
prevalence maximums· were maintained for a 
longer period than is normally observed. At 
Deepwater Shoal, the uppermost oyster bar in 
the river, prevalences >90% were observed in 
September, November and December. Just down 
river at Horsehead Rock prevalences >90% were 
recorded from August through November and 
farther down river at Wreck Shoal prevalence was 
consistently >90% for 6 months, from July 
through December. Advanced infections of P. 
marinus were numerous at Horsehead Rock, 
Point of Shoals and Wreck Shoal and the para-
17 
site was most likely responsible for significant 
mortalities of oysters older than 1-2 years. Based 
on patent tong surveys of oyster stocks conducted 
in the fall of 1999 by VIMS and VMRC recent 
· mortality of small and market oysters was esti-
mated to be 13% at Deepwater Shoal, 22% at 
Horsehead Rock, 28% at Point of Shoals and 
56% at Wreck Shoal (Southworth et al. 2000). 
It is likely that most of the mortality was asso~i-
ated with Dermo disease. While the past three 
years offered some hope of the abatement of 
Dermo disease in the upper James River, this now 
appears unlikely as a resurgence of the disease 
has occurred. 
In contrast to the unusually high pressure of 
Dermo disease, pressure from MSX disease in 
the upper James River in 1999 was relatively low. 
At Wreck Shoal salinities favorable to H. nelsoni 
persisted for the entire year with the possible 
exception of a very short-term pulse of low sa-
linity water associated with Hurricane Floyd. 
Although infections acquired iri 1998 persisted 
through the winter and spring of 1999 at 
prevalences from 8-28%, prevalence was 0-8% 
the remainder of the year and an MSX epizootic 
failed to emerge. Likewise further down river at 
Thomas Rock and Nansemond Ridge prevalence 
· remained below 20% in the fall. It is likely that 
oysters in these two lower river bars may be 
somewhat resistant to the pathogen. This may 
not necessarily be the case upriver where his-
torical exposure to the pathogen, selection pres-
sure, has been less severe. · The life history of H. 
nelsoni remains unresolved and until a better un-
derstanding of this parasite is gained it is diffi-
cult to explain annual fluctuations in the disease 
that do not appear to be strictly related totem-
perature and salinity. 
and intensities were observed in some of the 
smaller tributaries such as the Coan, Yeocomico 
and Corrotoman Rivers. Salinity in these small 
rivers is primarily dominated by the influx of bay 
water. In the fall salinity was greater than 15 ppt 
at most of our sample sites. The high salinity 
conditions were favorable to the proliferation of 
the parasite and hence prevalences soared. In 
the Rappahannock River, P. marinus prevalence 
was at or near 100% at all oyster bars, with the 
exception of Hog House Bar. Advanced infec-
tions were numerous as far up river as Bowlers 
Rock. At Bowlers Rock, Drumming Ground and 
Broad Creek greater than 48% of the examined 
oysters had advanced infections. 
Unprecedented high prevalences of H. 
nelsoni were observed in the Great Wicomico, 
Rappahannock, Coan and Yeocomico Rivers. 
MSX struck in the Great Wicomico River in early 
summer. Prevalences as high as 64% were ob-
served in late July and extensive oyster mortali-
ties were observed throughout the river. 
Watermen estimate that loses of small and mar-
ket oysters exceeded 75% (E.E. Delano personal 
communication). Fall patent tong oyster surveys 
corroborated this; estimates of oyster mortality 
were 86% at Haynies Bar and 79% at Whaleys 
East. Unlike P. marinus, H. nelsoni affects oys-
ters of all ages and can cause oyster mortality · 
within 5 weeks of infection. Like some of 
Virginia's other small tributaries, the Great 
Wicomico does not experience large discharges 
of freshwater in the winter and spring as occurs 
in the larger tributaries; inflow is· limited to 
coastal plain drainage and bay salinity dominates 
(Andrews 1988). Hence, the activity of H. 
nelsoni in the Great Wicomico River fluctuates 
up and down with wet and dry years. In a year 
Record high levels of P. marinus were also like 1999 where the discharge of freshwater into 
observed in Virginia's other major tributaries. Of the bay is extremely low, high salinities prevail, 
the 39 bay oyster populations surveyed in the yielding favorable conditions for MSX. High 
fall of 1999, only 4 had P. marinus prevalences prevalences of MSX in the Great Wicomico 
less than 60% and most areas had prevalences River (28-64%) were also observed in l 987, 1992 
exceeding 90%. Exceptionally high prevalences and 1995. These years were either extremely 
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dry or followed an extremely dry year. Should 
high salinities persist into 2000, oysters surviv-
ing 1999's epizootic may harbor infections that 
will be lethal in spring and summer 2000. 
In the Rappahannock River, record high 
prevalences of H. nelsoni were observed at oys-
ter bars located in the mid- and upper reaches of 
the tributary. In the summer, oysters collected at 
Smokey Point had a prevalence of 56%. MSX 
was not detected at this site the four previous 
years in which it was surveyed-. 1993, 1994, 
1997, and 1998. In the fall a similar prevalence 
was observed at Long Rock with 24% of the 
sampled oysters having heavy intensity infec-
tions.· Adjacent bars had prevalences in the range 
of 24 to 36%. These are the highest prevalences 
of MSX observed in the Rappahannock River in 
the last fifteen years and probably the highest 
observed historically. It is atypical for H. nelsoni 
to even be present in oysters located in the mid-
to upper Rappahannock River, let alone for 
prevalences to exceed 30%. Given that even in 
dry years the parasite has never exhibited this 
level of activity in the River, this unprecedented 
high abundance of the pathogen is probably not 
due to atypically high salinities alone. The most 
likely explanation for the spread of MSX into 
the upper Rappahannock River is the movement 
of infected oysters into the area. As part of the 
VMRC's oyster repletion program, in 1997 and 
1999 oysters were moved from the James River 
to upper Rappahannock River oyster bars includ-
ing; Sharps Bar, Bowlers Rock and Long Rock. 
Seed oysters were also moved from the Great 
Wicomico River to Smokey Point in the 
Rappahannock River in 1998 and 1999. The 
transferred oysters were not examined for dis-
e<).se at the time of transfer; however, both H. 
nelsoni and P. marinus are endemic in the areas 
activity in 1999. Clearly if the spread of the dis-
ease into the upper Rappahannock River is asso-
ciated with the transport of infected seed into the 
area, it would suggest that infections occurring 
in young oysters are quite important. Further-
more, this recent spread of the disease presents 
one more compelling example of why the move-
ment. of oysters from an enzootic area to areas 
having lower disease activity should be prohib-
ited. 
Perkinsus marinus and H. nelsoni undoubt-
edly caused significant mortalities at nearly all 
oyster bars in the Rappahannock River. Esti-
mated summer/fall mortality of market and small 
oysters was about 35% at Bowlers Rock and 
Long Rock, 50-60% at Morratico Bar and 
Smokey Point Bar, 50-70% at Middle Ground 
and Drumming Ground, and 40% at Parrot Rock 
and Broad Creek (Southworth et al. 2000). It is 
probable that most of the observed mortality is 
disease related; however, since both MSX and 
P. marinus were observed at these locations it is 
difficult to attribute the mortality to one disease 
or the other. 
Generally, one would expect to find higher 
prevalences and intensities. of oyster disease as 
o.ne moves farther downriver; however, 
prevalences of H. nelsoni in the lower 
Rappahannock River at Drumming Ground, Par-
rot Rock and Broad Creek were relatively low, 8 
to 12%. These low prevalences suggest that oys-
ters in this area have developed some resistance 
to the pathogen. Unfortunately, prevalence and 
intensity of P. marinus at these same bars was 
extremely high and these oyster populations still 
experienced significant mortalities (Southworth 
et al. 2000). 
from which the seed was harvested. Seed from The resurgence of oyster disease in the 
the Great Wicomico River was also moved to Chesapeake Bay in 1999 underscores how 
the Coan and Yeocomico Rivers and to quickly the diseases can intensify in the wake of 
Pungoteague Creek on the eastern shore; these favorable environmental conditions and the fact 
areas also exhibited exceptionally high MSX that disease eradication is unlikely. Given the 
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serious impact that oyster disease has on Chesa-
peake Bay oyster populations, oyster disease 
must remain a critical factor for consideration 
when developing oyster restoration strategies. 
· Especially impm;tant is the avoidance of mov-
·. irig infected seed. 
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